Conclusions:
We report a large series of combined ultrasound/nerve stimulator nerve blocks by supervised trainees without major local anesthetic systemic toxicity. While lacking the compelling evidence of randomized controlled trials, this observational database nonetheless allows increased confidence in the safety of using combined ultrasound/ nerve stimulator in the setting of anesthesiologists-in-training.
(Reg Anesth Pain Med 2012;37: 577Y582) U ltrasound-guided regional anesthesia (UGRA) has been rapidly adopted by anesthesiologists, as evidenced by (i) the promulgation of an international guideline for instruction in UGRA 1 ; (ii) the increasing integration of UGRA-specific training curricula 2, 3 ; (iii) the predominance of UGRA in reports of recent large-scale, multi-institutional databases 4 ; and (iv) the popularity of this technique at workshops and meetings. Although not all published comparative studies have found improved efficacy with UGRA when compared with more traditional guidance techniques, a recent meta-analysis suggests that block failure is less likely with the use of UGRA when compared with peripheral nerve stimulation (PNS) alone. 5 Other potential benefits of UGRA include faster block performance, reduced local anesthetic doses, and fewer episodes of vascular puncture. 5Y7 However, the theoretical potential for reducing complications with UGRA, related to either nerve injury or local anesthetic systemic toxicity (LAST), has not been evident in most studies published from single or multi-institution experiences. 8, 9 We previously published a retrospective review of our quality assurance (QA) data for peripheral nerve blocks (PNBs), guided by either UGRA-PNS or landmark (LM)YPNS techniques. 10 That investigation was carried out during the initial phases of a transition period for our practice, from the use of primarily ''LM-PNS'' as a guidance method for blocks, to ''UGRA-PNS,'' using nerve stimulation as a secondary confirmation. We reported a small but significant reduction in major LAST episodes when UGRA was used for upper-extremity blocks. This report represents an update of our database. Specifically, this is the final period in the transition from a practice that once used nerve stimulation for guidance, to one that will soon exclusively use ultrasound imaging combined with nerve stimulation for confirmation of neural structures. Based on this evolution toward universal use of UGRA in our practice, it will be difficult in the future to compare these 2 techniques in our high-volume clinical practice. This data report from our ambulatory surgery center may provide insight into the impact of UGRA-PNS on adverse occurrences at a single institution where the vast majority of blocks are performed by residents under close supervision of attending anesthesiologists.
METHODS
This data query was approved by the University of Pittsburgh institutional review board (Pittsburgh, Pennsylvania). We queried our deidentified departmental quality improvement (QI)/ patient safety database for adverse outcomes associated with PNBs. Specified adverse events are recorded by anesthesiologists, nurse anesthetists, and/or perioperative nurses and reported to the database contemporaneously. Subsequently, events that represent sentinel or serious events are reported to the state department of health. After peer review, those events that represent a deviation from the standard of care are reviewed at the departmental patient safety meeting for further evaluation and recommendations for ancillary training for the practitioner involved.
The period from which data were queried for this updated report was the 44-month period from May 2008 to December 2011. These data were then analyzed in combination with the 28-month period immediately preceding (previously described 10 ), which comprises the 72 months from January 2006 to December 2011. In the period described in our previous report, UGRA-PNS had been introduced, and its frequency in use by our practitioners and trainees had increased from less than 10% of overall blocks to approximately half of all single-injection blocks performed. In the past 4 years, the use of UGRA-PNS has continued to increase at our institution. As of this writing, less than 10% of blocks are performed with LM-PNS alone (Fig. 1) . Exclusion criteria for this data report include block procedures that were planned but aborted for any reason, and block procedures that were carried out by LMs alone, with neither ultrasound nor PNS guidance (eg, ankle block, subcutaneous saphenous block, paravertebral block).
The deidentified QA database used for this report is the standard record of complications related to anesthesia care at all hospitals of the University of Pittsburgh Medical Center, as described in our previous report. 10 Our department also maintains a billing database that specifies the total number and type of PNB performed. This billing database was deidentified and then used to provide the total number of blocks using UGRA-PNS as well as blocks using LM-PNS. The billing database contains information for all cases performed; therefore, a ''denominator'' for the proportion of complications among our cases is reportable. The QI database contains data related only to positive cases (adverse events), thus providing the ''numerator.' ' The nerve blocks and catheter insertions considered for this analysis were interscalene, axillary, femoral, and sciatic (gluteal, infragluteal, and popliteal). The clinical pathways for performing these blocks specifically called for the use of ropivacaine, or a mixture of mepivacaine and ropivacaine; this latter combination of drugs was used in the particular setting of interscalene block for patients with a history of sleep apnea, to obtain a relatively rapid onset with an intermediate duration. Dilute bupivacaine was also occasionally used for single-injection blocks for postoperative analgesia. Epinephrine is not used as an additive for peripheral nerve blockade in our practice. Defined clinical pathways guide our practice for femoral-sciatic blocks for knee surgery, 11 brachial plexus blocks for upper-extremity procedures, and popliteal-sciatic/saphenous blocks for foot-ankle surgery.
A separate clinical pathway was established to evaluate potential nerve injuries involving both motor and sensory dysfunction. 12 Attending anesthesiologists or residents involved with each case routinely call patients within 2 business days after surgery to determine nerve block resolution without apparent sequelae. If the block has not resolved by the time the call is made, or if there is concern about nerve dysfunction, the patient is contacted later to determine the status of block resolution, or any persistent neurologic symptoms. In addition, surgeons are actively encouraged to contact our department any time postoperatively if there is concern about nerve injury or dysfunction. In cases of persistent neurologic dysfunction, prompt patient referral is made to a physiatrist who specializes in chronic pain and nerve injury. Early referral also facilitates formal evaluation with nerve conduction studies and/or electromyography (EMG) in a timely fashion, if indicated.
During nerve blocks at our institution, patients are monitored with noninvasive blood pressure cuffs and pulse oximetry, as well as electrocardiographic monitoring for those with a history of dysrhythmia or ventricular dysfunction. Oxygen is supplied by face mask, as mild sedation is provided with midazolam and fentanyl, titrated to anxiolysis, while preserving the ability of the patient to interact verbally with the anesthesiologist.
Blocks with LM-PNS guidance were conducted with stimulating needles (Stimuplex; B. Braun USA, Bethlehem, Pennsylvania) and appropriate motor stimulation refined to a current of 0.25 to 0.5 mA before injection of local anesthetic solution at a single location. Nerve stimulator (B. Braun USA) current was initially set at 0.8 to 1.0 mA, with a frequency of 2 Hz and pulse duration of 0.1 milliseconds. Per our clinical pathway, single-stimulation technique was used for all blocks, except axillary brachial plexus blockade, for which a 4-stimulation technique was used. Injection of local anesthetic solution then proceeded in small increments, with aspiration between each injection, observing for patient discomfort or unusually high perceived injection pressures (injection pressures were not quantitatively measured).
Ultrasound-guided regional anesthesia entailed the use of a bedside US unit (Micromaxx or S-Nerve; SonoSite, Bothell, Washington) using a 5-to 10-or 6-to 13-MHz linear transducer or, rarely, a 2-to 5-MHz curvilinear transducer for larger patients during sciatic nerve blockade. An in-plane technique was used for single-injection blocks, although out-of-plane technique was occasionally used for catheter insertion. The needle and nerve target were visualized until the needle tip was nearly in contact with the nerve; the nerve stimulator was then turned on to a level between 0.5 and 1.0 mA to elicit motor stimulation for confirmation of the neural structure. The needle was further advanced until its tip was seen to contact the nerve, or until motor stimulation was evident, whichever came first. If needle-nerve contact was evident but no stimulation occurred, the current was increased or the needle-tip placement rearranged until stimulation occurred. The Doppler setting on ultrasound was used to assess for vascular structures in the vicinity of the target nerves to avert intravascular injection. No attempt was made to refine the motor stimulation to a particular lower threshold of electrical stimulation during this technique. Injection of local anesthetic solution then proceeded in aliquots of 2.5 to 5 mL, ensuring that visible expansion of the tissues was evident. The needle tip was moved as necessary to ensure that the nerve target was surrounded with solution. Paresthesias were not specifically sought during performance of either the UGRA-PNS or LM-PNS technique.
As with our earlier report, the decision to perform a block by UGRA-PNS or LM-PNS was not randomized but made by the attending physician, in concert with the resident, before meeting the patient or knowing the patient's physical characteristics or comorbidities. Both techniques were represented in all of the categories of blocks described; that is, there was no attempt to carry out any of these blocks exclusively with one or the other guidance method. The block technique decision was made based on personal preference and the educational desirability of exposing our trainees to both types of needle guidance. Block technique decisions were sometimes made based on equipment availability. Occasionally, blocks that appeared to have no or minimal anesthetic effect by 20 to 30 minutes were subjected to ''reblock'' with UGRA (with or without PNS), with caution not to exceed maximum recommended local anesthetic dosages.
As described previously, 10 seizure from LAST was defined as tonic-clonic motion of the patient during or within 60 minutes after PNB, accompanied by loss of consciousness. Milder forms of central system toxicity, such as short-lived confusion or tremor, were not reliably captured by the database and are therefore not part of this report. Cardiovascular toxicity, according to our group standard for entry into the QA database, was defined as (i) hypotension requiring inotropic or vasopressor support after PNB, but before induction of anesthesia, or (ii) the appearance of ventricular dysrhythmias or cardiac arrest during this time frame. Unintended neuraxial blockade included signs or symptoms of epidural or spinal blockade after PNB. As in our prior report, peripheral nerve injury reported here was defined as sensory or motor deficit (or both) lasting longer than 6 months and attributed to the nerve block after referral to the department of physical medicine/rehabilitation. These patients underwent evaluation by the aforementioned physiatrist for diagnosis, follow-up, and rehabilitative therapy as well as EMG and nerve conduction testing, when indicated. In addition, because the classification of nerve injuries is somewhat arbitrary with respect to the time frame, a stricter definition of nerve injury was considered as well: motor-sensory injury that was evident on EMG testing at or near the site of the nerve block, and which persisted for more than 1 year. Nerve dysfunction with improvement or resolution within the 6-month postoperative time frame was not included in the database as nerve injury.
Statistical Analysis
The sum of all the described adverse outcomes comprised the numerator, per neurolocation technique (LM-PNS vs UGRA-PNS), with the denominator consisting of the billing-derived case load per neurolocation technique. Rates of complications are reported as proportions, along with 95% confidence intervals expressed per 1000 blocks. Comparison of reported complication rates between neurolocation techniques was performed with 2-tailed W 2 analysis, with Yates correction; P G 0.05 was considered statistically significant. Sample size was not determined a priori, because this methodology was specifically a consecutive-case review of the aforementioned QA database.
RESULTS
There were more than 9000 PNBs performed by either LM-PNS or UGRA-PNS technique in the 44-month period from May 1, 2008, to December 31, 2011 (Table 1) . One seizure related to LM-PNB occurred during this period, at the conclusion of local anesthetic injection for an interscalene block ( Table 2 ). The solution injected was ropivacaine 0.75% in a volume of 40 mL. The seizure promptly responded to intravenous injection of 50 mg of thiopental, and there was no evidence of cardiovascular toxicity.
During the 44-month period of this data collection, there were 4 peripheral nerve injuries, with sensory loss persisting for 6 to 12 months and not attributable to other nonblock causes (such as chronic regional pain syndrome, an ill-fitting brace, or surgical positioning or incision). Three of these blocks were conducted via LM-PNS, whereas 1 was carried out with UGRA-PNS; all of these resolved by 1 year. In addition, 1 nerve injury occurred with LM-PNS guidance and resulted in loss of both motor and sensory function that persisted for more than 1 year 95% CI indicates the 95% confidence interval for each complication, expressed per 1000 blocks; AxB, axillary brachial plexus block; ISB, interscalene block, Fem, femoral nerve block; n, the number of complications in each category; PFB, popliteal fossaYsciatic nerve block; Sci, transgluteal or infragluteal sciatic nerve block.
( Table 3 ). An EMG was suggestive of a femoral nerve block as the cause.
During this period, the frequency of nerve injury lasting 6 to 12 months was significantly greater among patients with nerve blocks guided by LM-PNS (LM-PNS: 3/2209 vs US-PNS [guidance by ultrasound with nerve stimulation]: 1/7092, P = 0.003) ( Table 1 ). This did not hold true for the incidence of nerve injuries lasting longer than 12 months (LM-PNS: 1/2209 vs US-PNS: 0/7092, P = 0.24) or of seizure (LM-PNS: 1/2209 vs US-PNS: 0/7092, P = 0.24).
There were no cases reported to the database of pneumothorax, local tissue injury, or unintentional neuraxial blockade related to peripheral nerve blockade. Three femoral nerve catheters were removed postoperatively before discharge of the patient to home, because of bleeding around the catheter that could not be controlled with digital pressure. None of these patients developed a hematoma or any other complications. There were no episodes of cardiac arrest or ventricular dysrhythmia related to PNB.
In our previous report, there were 8 major complications of nerve blocks: 3 prolonged nerve injuries after popliteal-sciatic block and 5 seizures, 4 of which were in association with brachial plexus block ( Table 2) . 10 All of these outcomes occurred with blocks guided by LM-PNS technique. Two of the 3 nerve injuries from that report persisted for longer than 1 year (Table 3) .
When comparing the outcomes and neurolocation techniques for the entire 6-year period, there were 9069 blocks performed by UGRA-PNS and 5436 by LM-PNS (Table 4) . Neither nerve injuries lasting 6 to 12 months (LM-PNS: 4/5436 vs US-PNS: 1/9069; P = 0.13) nor nerve injuries lasting longer than 1 year were different between the 2 techniques (LM-PNS technique: 3/5436 vs US-PNS: 0/9069, P = 0.10). However, the incidence of seizure was found to be higher with LM-PNS technique during the entire data collection period (LM-PNS: 6/5436 vs US-PNS: 0/ 9238; P = 0.0061).
DISCUSSION
Based on this query of our QI and billing databases, in more than 6 years of performing blocks with UGRA-PNS, there have been no episodes of major LAST in our university-based (ie, supervised trainees), primarily orthopedic anesthesia practice. Previously, a frequency of 1 to 3 seizures per year (based on 3000-4000 blocks per year) was representative of the period during which LM-PNS guidance was our primary block technique. Postoperative motor-sensory neurologic dysfunction lasting longer than 1 year was very infrequent in our data set and was not different when the 2 techniques were compared.
We believe that this may be the largest single-center series of ultrasound-guided nerve blocks reported for the purpose of adverse outcome analysis. The large number of cases and paucity of adverse occurrences are evidence for the safety of UGRA-PNS in a training program for anesthesiology residents. This current analysis cannot declare associations of UGRA-related outcomes in the absence of PNS confirmation, however.
Moving forward from this data analysis in our institution, it will become much more challenging to meaningfully compare UGRA-PNS cases with LM-PNS guidance because the latter method represents only a small and diminishing fraction of our overall number of block cases. However, given this evolution, we believe that performing a large number of peripheral blocks with UGRA-PNS has conferred a high degree of patient safety.
The next logical database query for our institution would be to test UGRA-PNS versus UGRA without PNS confirmation, which is commonly used at other centers. 13 It seems unlikely that safety differences would become apparent when comparing UGRA-PNS versus UGRA only. However, there may be valuable economic analyses achievable with respect to time for block placement with trainees, block success rate, block duration, and cost of equipment used (assuming UGRA without PNS uses inexpensive noninsulated nonstimulating needles). 13 It may be useful, when forging new research directions of block efficacy research, to incorporate more perineural analgesics (such as clonidine, buprenorphine, and low-dose dexamethasone, now known to be nontoxic in vitro 14 ) to evaluate the duration of analgesia. Vieira et al 15 recently reported in a study with UGRA that dexamethasone, added to bupivacaine-clonidine-epinephrine, provided an additional 7 hours of postoperative analgesia. To compare various combinations of perineural analgesics in the overriding context of UGRAversus UGRA-PNS would represent a timely and necessary advance in perineural analgesia duration research, which to this point has been largely untapped and singularly focused on local anesthetics and varying drug dose volumesconcentrations.
Other large database studies have not detected a difference in the occurrence of LAST incidents when ultrasound guidance was compared with other forms of nerve block guidance. In the 2009 report by Barrington et al, 4 which involved more than 8000 cases from multiple institutions, there were 8 cases of LAST, none of which were cardiovascular in nature and were equally distributed between ultrasound and nonultrasound groups. Of note, only 2 seizures occurred in this group, both of which occurred after blocks guided by nonultrasound means, whereas 1 patient lost consciousness after a UGRA block. In the largest database of PNB outcomes, with approximately 41,000 blocks guided by LM-PNS, major LAST occurred very infrequently, with an incidence of seizures of 1/3000 to 1/10,000, depending on the type of block. 16 These low rates make it clear that randomized controlled trials would have to include impractically large numbers of procedures in each group to find meaningful differences in incidence of such complications. Such large-scale, prospective, randomized trials are unlikely to be carried out. As such, with the continually increasing popularity of UGRA, it is useful to document the paucity of adverse outcomes with this technique in and of itself.
Furthermore, even nonrandomized databases, with patient numbers sufficiently large to detect a difference in infrequent complications between groups, are relatively rare. More common are small, observational studies with dozens to hundreds of patients. Some of these studies point to a more common occurrence of LAST than noted above, whether ultrasound or PNS is used for guidance. 17, 18 Mulroy and Hejtmanek, 19 in a review of LAST, noted an incidence of such events of 0.75 to 2 per 1000 cases with PNB, similar to our overall rate for the LM-PNS technique. A number of case reports document the occurrence of LAST despite the use of UGRA. 20, 21 Indeed, some authors have noted the visualization of intravascular injection during UGRA. 22 Large observational studies, nonetheless, may play an important role in the analysis of outcomes related to patient safety. Mangano et al 23 documented important adverse outcomes related to the use of aprotinin in cardiac surgery, which had not previously been evident in smaller, randomized trials. Similarly, the prospective database reported by Barrington et al 4 has shed light on the occurrence of adverse outcomes in peripheral nerve blockade guided by both UGRA and PNS.
Local anesthetic systemic toxicity is a multifactorial occurrence, which may occur from direct intravascular injection or from the absorption of local anesthetic solution into the bloodstream over time. 24 As such, the lower doses of local anesthetic necessary to conduct nerve blocks with ultrasound 5, 25, 26 may impact the likelihood of this occurrence, particularly by the latter mechanism. Indeed, in the patient who manifested seizure with interscalene block in our most recent database report, the dose of local anesthetic was substantially higher than would have been used if the block had been guided by ultrasound. Because some 45% of episodes of LAST reported in the literature are delayed 27 and therefore more likely to be secondary to absorption over time, the lower doses/concentrations permitted by ultrasound could potentially make a very important contribution to patient safety. The altered trajectory of needle insertion required by ultrasound guidance, for instance with interscalene block, may impact the likelihood of encountering deeper (and therefore unsuspected) blood vessels as well. Thus, the trajectory adjustment may reduce the likelihood of intravascular injection. 28 However, it must be acknowledged that particularly when supervising trainees, it is not always possible to have the needle tip accurately imaged, which may increase the risk of inadvertent intravascular injection. 3 Limitations of this investigation include use of outcomes retrospectively collected from a QI database and the nonrandom allocation of patients to each guidance technique, which allows for potential bias in terms of patient and operator characteristics, as well as surgical variables. It is important to note that LAST may be the result of many factors, not only the needle guidance technique. Although characteristics of affected patients (and the surgeries and blocks they underwent) are reported, we are not able to provide these variables for the entire population of patients considered in this study, making multivariate regression impossible.
Aspects of our practice that may limit the generalizability of our findings include the high proportion of blocks performed by residents and the somewhat limited slate of blocks that we perform in our sports medicineYorthopedic setting, resulting in a narrow portfolio of frequently recurring surgical procedures. The nature of such a practice is that more young and healthy patients are encountered than older patients, whose comorbidities may influence their risk of LAST. Finally, we do not use epinephrine in our local anesthetic solutions, although many practitioners of 95% CI indicates the 95% confidence interval, expressed per 1000 blocks; ISB, interscalene block, AxB, axillary brachial plexus block; Fem, femoral nerve block; n, the number of complications in each category; Sci, transgluteal or infragluteal sciatic nerve block; PFB, popliteal-sciatic nerve block.
regional anesthesia believe that the inclusion of epinephrine may favorably reduce the risk of LAST by limiting systemic uptake or acting as a marker of vascular injection. 29 The use of ultrasound to monitor local anesthetic deposition during PNB may provide an acceptable level of patient safety, although it must be noted that existing guidelines continue to recommend the use of epinephrine in the injectate. 24 In conclusion, we report a large series of ultrasound-guided nerve blocks (with PNS used for confirmation) from a single hospital center where blocks are primarily provided by supervised residents, without occurrence of major LAST episodes. Prolonged nerve injury was rare with both guidance methods. We believe that such observational databases, although lacking the compelling evidence of randomized controlled trials, nonetheless allow increased confidence in the safety of using UGRA with PNS confirmation for nerve blocks in residency training programs.
